Calcareous nannofossils are a group of micrometric fossils abundantly found in marine sediments. This group is mainly composed of coccoliths, platelets produced by the unicellular algae coccolithophores, and nannoliths whose biological affinity remains unknown. Calcareous nannofossils have a continuous record for the past 215 myr (Bown 1998 ) and can be found in almost every marine environment from coast to open oceans and from the Equator to the poles in surface waters (Winter et al. 1994) . These microfossils are also made of low-Mg calcite (Siesser 1977; Stoll et al. 2001) which is resistant to dissolution and a common matrix for geochemical analyses in palaeoceanography. Hence, calcareous nannofossils could be one of the best fossils for palaeoceanographical studies for the last 215 myr. Their use in geochemistry is, however, less common than planktic foraminifera due to their small sizes, masses (10-1000 pg) and complex vital effects. Despite the fact that nannofossils are very small (2-20 µm), the development of highresolution analytical devices opens up the opportunity to analyse single nannofossils or even parts of them. This is a growing field of nannofossil research.
In order to overcome this challenging issue, many methods have been developed to isolate nannofossils from the matrix or as single specimens such as filtration (Minoletti et al. 2009 ), settling velocity (Stoll & Ziveri 2002) , flux cytometry (Halloran et al. 2009 ) or micromanipulator-assisted picking (Stoll et al. 2007; Stoll & Shimizu 2009 ). Among the different methods cited, the picking method is the best selective method although it is more time consuming than the others for isolating the same amount of nannofossils. The picking method developed by Stoll & Shimizu (2009) is also expensive in equipment because it strictly depends on a micromanipulator and an inverted microscope.
In this Notebook, we present an alternative picking method that does not require a pricey micromanipulator or inverted microscope and can be used by the majority of the nannofossil community. Alongside the presentation of the method, we also present the range of applications of the method in its current form.
Picking method
The protocol presented here is a basic hand-picking method. This hand-picking requires (1) a microscope with ×40 and ×10 objectives and linear polarization filters; (2) silica capillaries of 50 µm internal diameter; (3) pure ethanol; and (4) a sample holder to deposit the picked nannofossils (e.g. Si 3 N 4 TEM windows, Ultralene® window film). The sample holder depends on the analytical device used.
Preparation of the silica (Si) spine
Silica capillaries are used for the picking itself in the form of a Si spine. We used Polymicro Technologies™ capillary tubing made of a Si microtube of 50 µm internal diameter coated with polyimide resulting in a 150 µm outer diameter of the capillary. In order to prepare the Si spine, a capillary should be heated in a butane flame for a few seconds; the coating will be burned out and the Si melted. Once melted, the Si capillary should be stretched out until it breaks in two. Then the extremity should be cut at c. 15-20 µm external diameter (Fig. 1a, b) . Once the capillary is thinned, users should fix it to a handle in order to facilitate the manipulation. We have used pipette tips because they are light but solid. The thinned capillary is placed in the aperture of the pipette tip, held with tack and fixed with liquid glue.
The Si spines should be manipulated with caution. They are very thin, hence they can easily penetrate the skin or plastic gloves, but are also brittle and very difficult to extract from the skin with clamps. They are made of Si and thus difficult to dissolve. We consider that is it almost impossible to extract a Si spine once it has penetrated the skin.
Nannofossil slide preparation and microscope set up
Prior to the picking, one can use any physical or chemical treatment, such as sieving to eliminate clays (e.g. Minoletti et al. 2009 ) or bleaching to eliminate organic matter (e.g. Blanco-Ameijeiras et al. 2012) . Picking is undertaken from a standard nannofossil smear slide or gravity settling slide (Bown & Young 1998 ) using a cover slide but without fixing it to a slide. Both techniques produce a monolayer of nannofossils on a cover slide. Prior to the picking, users should carefully dry the cover slide. If it is slightly wet, the picking is impossible. In order to hold and reinforce the cover slide, we recommend fixing it with tape or tack to a slide with the face holding the nannofossil up (Fig. 2a) . It is also possible to make the standard nannofossil smear slide directly on a slide rather than on a cover slide.
The picking is made under a standard microscope having at least ×10 and ×40 objectives without immersion, linear polarizer and linear analyser. If possible, having a λ/4 gypsum filter and a ×100 objective without immersion helps nannofossil selection prior to picking.
Picking and transferring nannofossils to a sample holder
The picking itself is made manually, without using a micromanipulator. The nannofossil cover slide is placed under the microscope with the ×40 or ×100 objective in order to select a nannofossil specimen for picking. Once selected, users should move to a ×10 objective in order to have enough working space between the slide and the objective to pick. The user picks the nannofossils using the Si spine (Fig. 2a, b) . If both cover slide and Si spine are dry, when the Si spine touches the nannofossil it will naturally stick to the spine because of electrostatic forces. With the nannofossil secured by electrostatic forces, another force is needed to detach it. We put a droplet of ethanol on the sample holder and brush the Si spine from back to front in order to hold the nannofossil in the ethanol by the surface tension of the droplet (Fig. 3a) . This procedure might need repeating several times. A liquid other than ethanol (e.g. water) can be used depending on the purpose of the picking, the composition of the sample holder or the method used for the analysis. Eventually, the nannofossil will be isolated and the ethanol droplet will evaporate (Fig. 3b) . Depending on the sample holder, the user can control the success of picking with an optical microscope (Fig. 3b) or an environmental scanning electron microscope.
In published (Suchéras-Marx et al. 2016 ) and unpublished studies using this picking method to isolate a single specimen, we have been able to isolate Calcidiscus leptoporus, Coccolithus pelagicus, Gephyrocapsa oceanica and Helicosphaera carteri from core-tops samples and Crepidolithus crassus, Cribrosphaerella ehrenbergii, Cyclogelosphaera margerelii, Discoaster araneus, Discoaster spineus, Discorhabdus striatus, Watznaueria barnesiae and Watznaueria britannica from land section samples. We encountered difficulties isolating Emiliana huxleyi because it is too small to be clearly identified under a ×40 objective. Hence, for nannofossils with a length below 3 µm, we recommend using a ×100 objective without immersion and a thinner Si spine, around 7-10 µm external diameter.
Reasons for using the picking method for sample preparation and concluding remarks
We present here a non-exhaustive list of potential analyses and equipment that may need the picking method for sample preparation. The picking method presented in this manuscript has been used only for nanoscale XRF in Suchéras-Marx et al. (2016):
• high-resolution nannofossil tomography -nanoscale computed tomography scan (CT scan), focused ion beam-scanning electron microscopy (FIB-SEM, Hoffmann et al. 2015) ; • single nannofossil crystallography -Raman spectroscopy, atomic force microscopy (AFM, Henriksen et al. 2003) , electron back-scattered diffraction (EBSD, Saruwatari et al. 2008 ); • small nannofossil population geochemistry -secondary ion mass spectrometry (SIMS, Stoll et al. 2007; Prentice et al. 2014 ); • single nannofossil elemental and isotopic geochemistrynanoscale secondary ion mass spectrometry (NanoSIMS, Rickaby et al. 2004) , nanoscale X-ray fluorescence (XRF, Suchéras-Marx et al. 2016) , X-ray absorption near edge structure (XANES) and extended X-ray absorption fine structure (EXAFS). The picking method presented here is less effective than other published picking methods (Stoll et al. 2007; Stoll & Shimizu 2009 ). We consider that about 5 nannofossils can be picked per hour which is far from the 15 coccoliths per 30-60 min in Stoll et al. (2007) . We recommend the picking method presented here for analysis focusing on single to few individuals when small amounts of nannofossils are needed or when investment in expensive equipment, such as inverted-microscopy and micromanipulator, is not possible. The picking method presented has the great advantage of being simple, affordable and accessible for the experienced specialists to graduate students working in the field of micropalaeontology. Very small-scale morphological, crystallographic and geochemical studies of nannofossils have been developed in recent years alongside the improvement of analytical techniques. We hope this new protocol will accelerate the growing interest of micropalaeontologists in single specimen analysis.
